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背景  角膜新生血管(corneal neovascularization, CNV)破坏角膜的透明性，影响视





HIF 及何种类型细胞表达 HIF 也不清楚。 
目的  研究正常和缝线后大鼠角膜低氧诱导因子 1α和 2α（HIF1α、 HIF2α），随
新生血管形成的表达变化和表达的细胞类型及与炎症细胞的关系，探讨 HIF 在
角膜新生血管形成中可能的作用，为揭示角膜新生血管形成的机制提供依据。 
方法  以缝线诱导方法建立大鼠角膜新生血管模型，将 SD 大鼠随机分为正常对
照组和 4 个缝线实验组，每组 15 只。对照组不做任何处理，实验组进行角膜缝
线诱导新生血管形成。在缝线后第 1、3、5、7 天，观察大鼠 CNV 的生长情况
并记录 CNV 的生长面积，并取角膜组织分别进行提取 RNA、蛋白和固定及包埋
切片，以实时荧光定量逆转录-聚合酶链式反应（Real-time RT-PCR）、蛋白质免
疫印迹（Western Blot）、原位杂交 (in situ hybridization)和免疫组织化学
(immunohistochemistry)等实验方法, 检测HIF1α和HIF2α在大鼠角膜缝线后各时
间点的表达和细胞的定位。并通过 RT-PCR 方法克隆大鼠 HIF1α 和 HIF2α 的
cDNA，构建大鼠 HIF1α 和 HIF2α 的表达载体，以检验能被 HIF1α 和 HIF2α 抗
体检测的大鼠角膜组织蛋白是否属于 HIF1α和 HIF2α蛋白。 
结果  对照组的角膜透明无血管，实验组在角膜缝线后第 1、3、5、7 天，新生
血管逐渐增多增长，面积逐渐增大。正常大鼠角膜的蛋白和 mRNA 中均能检测
到 HIF1α和 HIF2α的表达，HIF1α和 HIF2α 的 mRNA 均表达于角膜组织的各层
细胞。大鼠角膜缝线后，HIF1α的蛋白表达随角膜新生血管的增多而减少，但对
VEGFa 蛋白的表达没有影响，HIF1α mRNA 的表达随角膜新生血管的增多先增
加后减少，不仅表达在角膜组织的各层细胞，也表达在新生血管的内皮细胞，但















没有变化。大鼠 HIF1α 存在两个亚型（isoform），它们的蛋白分子量分别为 84
和 91kDa；HIF2α蛋白的分子量则为 96kDa。 




















Background Corneal neovascularization (CNV) can reduce corneal transparency, 
affect vision, serious will cause blindness. A variety of pathogenic factors can cause 
CNV formation, but the CNV formation mechanism is still unclear. With the 
development of molecular biology, people increasingly in-depth understanding of the 
pathogenesis of CNV, the role of hypoxia-inducible factor（HIF）on the mechanism of 
CNV also has been received attention. HIF is a key transcription factor of a variety of 
low oxygen induced gene, but so far, the mechanism of HIF involved in angiogenesis 
is remain unclear. And whether the corneal express HIF and what type of cells express 
HIF is also not clear.  
Objective In the rat normal cornea and after suture, studies the expression changes of 
HIF1α and HIF2α along with the formation of corneal neovascularization, and their 
expression of cell types and relations with inflammatory cells, and explore its possible 
role in corneal neovascularization formed, and provide the basis for revealing 
mechanism for the formation of corneal neovascularization.  
Method Induced by suture method to establish animal model of rat corneal 
neovascularization, the SD rats were randomly divided into control group and 4 
experimental groups, each group of 15 only. Control group without any treatment, the 
experimental group were corneal sutured to induce the formation of corneal 
neovascularization. After suture days 1, 3, 5, 7, observed the growth of CNV in rats 
and recorded the growth of CNV area, and take the corneal tissue for extraction of 
RNA, proteins, and fixed embedding slice, by real-time fluorescent quantitative 
reverse transcription - polymerase chain reaction (Real-time RT-PCR), protein 
immunoblot (Western Blot), in situ hybridization(ISH) and immunohistochemistry 
experiment method, testing the expression of HIF1α and HIF2α in rat cornea after 
suture of point in time, and the expression cellular localization. Cloned the rat HIF1α 














to test HIF1α and HIF2α antibody in rat corneal tissue protein is a real HIF1α and 
HIF2α protein.  
Results The corneal of control group are transparency without blood vessels, the 
experimental group with cornea suture, after days 1, 3, 5, 7, the new blood vessels 
gradually increase and growth, area increase gradually. In the cornea of the normal 
rats, the protein and mRNA can detect HIF1α and HIF2α expression, and HF1a and 
HIF2α express in layers of the corneal tissue cells. In the rat cornea after suture, 
HIF1α protein expression decreased along with the increase of corneal 
neovascularization, HIF1α mRNA expression first increases then decreases along with 
the increase of corneal neovascularization, and HIF1α mRNA not only express in 
layers of the corneal tissue cells and neovascular endothelial cells, but not express in 
inflammatory cells; The HIF2α mRNA express in layers of the corneal tissue cells and 
neovascular endothelial cells, and a slight increase along with the increase of corneal 
neovascularization, but there is no change of its protein expression. With the increase 
in corneal neovascularization, VEGFa protein expression did not change. Rat HIF1α 
exist two isoforms, and their molecular weight are respectively about 84 and 91kDa, 
the molecular weight of HIF2α protein is 96kDa. 
Conclusion The normal rat corneal both express HIF1α and HIF2α protein and 
mRNA. Normal cornea may be in a hypoxic state. The protein expression of HIF1α in 
rat cornea is not increased along with the increase of corneal neovascularization, it 
imply that HIF1α not through its upregulation contribute directly to the 
pro-angiogenic transcription factor involved in angiogenesis, and its function requires 
further study. There is no change of HIF2α protein expression along with the increase 
of corneal neovascularization, which indicate that HIF2α may not participate in the 
formation of corneal neovascularization. 
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HIF1β、HIF2α、HIF2β、HIF3α和 HIF3β[7-9]，其中 HIF -1 和 HIF -2 是细胞在缺
氧应答反应中最重的调节因子，也是目前研究得比较多的因子。HIF 是一种 DNA
结合蛋白，它是由α和β两个亚单位组成的异源二聚体，而α和β亚单位同属
bHLH/PAS 基因家族，其中α亚单位的存在形式有三种，分别为 1α、2α和 3α。
HIF 的 bHLH 区含有 DNA 结合区和 HLH 原发二聚体界面，PAS 区大约是由 300
氨基酸残基组成，含 PAS-A 和 PAS-B 两个半保守重复区，PAS 区与 HLH 区共






图 1. 低氧诱导因子的基因结构 
A：A 重复序列；B：B 重复序列；NLS-N:N 末端核定位信号；NLS-C:C 末端核
定位信号；bHLH：基础螺旋-环-螺旋区；PAS：含 A、B、NLS-N 和 NLS-C；
TAD:转录活性区；ID:转录抑制区。 
                                           
1.1.2 低氧诱导因子的靶基因 
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